Study design: Retrospective review of patient data. Objectives: (i) To determine the incidence and time of deep vein thrombosis (DVT) under low molecular weight heparin (LMWH) prophylaxis in spinal cord injury (SCI), (ii) to determine the incidence and time of heterotopic ossi®cation (HO) and (iii) to assess a possible aetiologic relationship in the pathogenesis of DVT and HO. Setting: Swiss Paraplegic Centre, Nottwil. Methods: We analyzed the incidence of DVT and HO in 1209 SCI patients (275 ®rst rehabilitations) at the Swiss Paraplegic Centre Nottwil from 1998 to 2000. Clinical ®les and laboratory data were scrutinised for particularities preceding DVT and HO. Results: The incidence of DVT was 6.55% for ®rst rehabilitation compared to only 1.59% in all patients hospitalised. DVT was complicated by pulmonary embolism (PE) in 1.45% and 0.47% respectively. Incidence of HO was 8% for ®rst rehabilitation and 1.82% for all patients hospitalised. In ®rst rehabilitation patients the peak for DVT occurred around day 30 contrary to HO with a peak around day 120. In single patients HO was identi®ed by MRI as a rapidly progressing process. Laboratory pro®les were in¯ammatory in both HO and DVT. Increased physical activity preceding HO was observed in four patients. In two patients acute HO was complicated by ipsilateral DVT. Conclusion: Prophylaxis with LMWH and elastic stockings signi®cantly reduces the frequency of DVT during ®rst rehabilitation in SCI. DVT and HO are both associated with laboratory parameters of non-infectious in¯ammation. The later onset of HO coinciding with ongoing mobilisation, argues for a dierent pathogenetic mechanism. Acute HO of the hip region appears to favour ipsilateral DVT by well known thrombogenic mechanisms.
Introduction

Deep vein thrombosis (DVT) is a frequent complication of spinal cord injury (SCI).
1 ± 3 According to the internationally accepted criteria of Bounameaux et al. 4 acute paraplegics have a high risk of developing DVT because stabilisation of the spine is a major orthopaedic procedure, and because of a well-known hypercoagulability associated with SCI. 5, 6 The real incidence of DVT in SCI is not known. Previous studies are dicult to compare because of dierent methods and non-homogeneous population. 7 According to several studies DVT most frequently occurred between day 5 and 12 after the injury. 8, 9 In the era before prophylaxis with unfractionated heparin the incidence of DVT was up to 70% (reviewed by Merli et al. 8 ). Even with low molecular weight heparin (LMWH) prophylaxis the incidence in acute SCI is still about 10%. 10, 11 Heterotopic ossi®cation (HO) is a frequent complication in acute SCI. 12 ± 14 HO is characterised by an in¯ammatory process involving the muscles and resulting in formation of new bone preferentially around joints. This results in reduced mobility and a delay in recovery. Despite many eorts the pathogenesis of HO is still not known (reviewed by Wang et al. 15 ). Individual cases point to an in¯ammatory component 16, 17 and other studies suggest a comorbidity of HO and DVT. 18 ± 20 A related aetiology was proposed but never proved. 18, 19 Perkash et al.
demonstrated that an elevated level of d-dimer correlates with the activity of HO. Recent experimental studies suggest a central role of musclelocalised pluripotential mesenchymal cells and genes speci®c for enchondral ossi®cation in the formation of the new ectopic bone. 21, 22 The goal of this work is to assess (i) the incidences of DVT and HO in SCI patients at the Swiss Paraplegic Centre (SPC) Nottwil, (ii) the interval between the event of SCI and the diagnosis of these complications and (iii) to examine mechanisms of interaction between DVT and HO.
Methods
Subjects
We investigated retrospectively 1209 patients between 1st January 1998 and 31st December 2000 at the SPC Nottwil (Table 1 ). The mean age of the patients was 46.6 years (5 ± 90). Most of the patients had traumatic SCI and were male. Paralysis due to surgery was classi®ed as trauma. We excluded patients without neurological de®cits, with cerebral pathology, myelopathies without paralysis, congenital paralysis, herniation of intervertebral discs and psychiatric disorders. A patient with a newly diagnosed paralysis was considered as a ®rst rehabilitation. Rehabilitation occurring at least two months after the event of the SCI was considered as re-rehabilitation. The 275 subjects with a mean age of 49.7 years (7 ± 85) were ®rst-rehabilitation patients and 934 with a mean age of 45.6 years (5 ± 90) were re-rehabilitation patients.
DVT prophylaxis
All ®rst rehabilitation patients (except the children) had DVT prophylaxis with LMWH (5000 IE Fragmin 1 once daily subcutaneously during bed rest, and additionally elastic stockings strength II during the ®rst six weeks of mobilisation. DVT prophylaxis was started the day of hospitalisation. Duration of prophylaxis was thus dependent on the time elapsed until full mobilisation, ie for paraplegics at least 10 weeks and for quadriplegics at least 15 weeks. For rerehabilitation the same prophylactic scheme was used but some individual patients refused to wear elastic stockings.
Diagnosis of DVT and HO
DVT was suspected when a sta member (physician, physiotherapist, nurse) on the daily ward rounding noted a physical change as localised swelling (mainly of were performed on a routine basis. D-dimer levels, however, were only determined after special request of the responsible physician.
Statistics
The statistical evaluation was performed with the wsquare t-test.
Results
Altogether we found 27 DVT with an incidence of 1.59%. Eighteen of them occurred during ®rst rehabilitation and nine during re-rehabilitation ( Table  2 ) the incidence was 6.55% and 0.63% respectively. The risk of DVT during ®rst rehabilitation was signi®cantly higher than during a later hospitalisation (P50.001). At ®rst rehabilitations the mean interval between the beginning of the SCI and the DVT was 80.9 days (13 ± 307) ( Figure 1 ). If we exclude the latest two DVT, the mean interval is 55 days (13 ± 160). Thirteen patients had an adequate prophylaxis when the DVT occurred. Nine of them had LMWH, one heparin, two oral anticoagulation together with LMWH, and one patient had oral anticoagulation together with heparin. Nine patients were mobilised at this moment. In three of these 13 patients additional risk factors for DVT were identi®ed: heterozygous protein S de®ciency in one patient and local immobility and in¯ammation in two patients due to acute HO in the hip region concerned. In both patients diagnosis of HO preceded DVT by two weeks, however, the overall association of HO and DVT was not signi®cant (P=0.67). HO was diagnosed 31 times, correlating with an incidence of 1.82% (Figure 2 ) with 22 of them occurring during ®rst rehabilitation (incidence of 8.00%) and nine during re-rehabilitation (incidence of 0.63%) (Table 2), this dierence is statistically signi®cant (P50.001). The mean interval between acute SCI and HO was 111.3 days (36 ± 213) ( Figure  1) . Nineteen patients had a DVT prophylaxis when the HO occurred, 10 of them had LMWH, six an oral anticoagulation and three both. Patients mobilised at this moment numbered 27 and in four of them the nursing sta reported an exaggerated training of the lower limbs by the patient or by his family. The laboratory parameters at the time of HO diagnosis showed in most cases a normal leukocyte count and an elevated CRP of non-infectious aetiology (Table 3) and were similar to those observed in DVT (Table 4) . The combination of leukocytosis (410 G/L) and very (Table 3a ,b) had CRP levels within normal range. Four of these ®rst-rehabilitation patients were already treated with anti-in¯ammatory drugs (indomethacin, diclofenac) and the two rerehabilitation patients showed radiologically`mature' later stages of HO.
In ®rst-rehabilitation patients there is no signi®cant dierence between the peak incidence of DVT and HO (P=0.75) as shown in Figure 1 . If we exclude the latest two DVT, the dierence is more signi®cant (P=0.29).
Discussion
Earlier studies showed dierent incidences of DVT in SCI, ranging from 15% up to 100%.
1 ± 3 This high Deep vein thrombosis and heterotopic ossification C Riklin et al incidence in SCI is in contrast to that observed in pedestrians without SCI, and is related to an elevated venous resistance and a diminished venous blood¯ow, both raising the risk of DVT. 23 Additionally the ®brinolytic activity of the aicted extremity is reduced. 24 The classical signs and symptoms of an ongoing DVT such as local swelling, redness and elevation of temperature are often absent, or, if present, related to an infectious process.
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DVT is routinely diagnosed by Doppler ultrasonography and, in particular situations, con®rmed by phlebography. 25 In pedestrians without SCI the simultaneously performed quantitative determination of d-dimers is helpful, 4 whereas in acute SCI patients the d-dimers are often elevated because of the injury and the subsequent orthopaedic surgery. In SCI, DVT may be prevented with anticoagulants, elastic stockings, physiotherapy, early mobilisation and optimal hydration. During the early phase of SCI the most ecient drug for thromboembolic prophylaxis is LMWH.
11 At the SPC Nottwil we use Fragmin 1 (5000 IE once daily subcutaneously) as a standard medication. Fragmin 1 is administered as early as possible because the thrombotic process starts immediately after SCI. Thus, with consequent antithrombotic prophylaxis we were able to reduce the incidence of DVT in acute SCI to 6.55%. This is an expected percentage in comparison to recent LMWH Lc=leukocytes, CRP=c-reatctive protein, aP=alkaline phosphatase. Semiquantitative d ± dimer determination. *Leukocytosis due to an urinary tract infection
Deep vein thrombosis and heterotopic ossification C Riklin et al prophylaxis data of two smaller series with an incidence of 7.5 and 4.5%, respectively. 25, 26 Of particular interest is the fact that in nearly half (48.1%) of our patients with DVT the thrombotic event occurred in patients on prophylactic therapy and that classical risk factors (de®ciency of protein-C, protein-S or AT III) had been excluded, except one patient with a protein-S de®ciency. Additional clinical risk factors, ie immobility and local in¯ammation, were present in two patients, where acute HO preceded ipsilateral DVT by two weeks. We assume that in the remaining 10 patients additional, recently identi®ed risk factors for DVT, like high factor VIII and XI levels or point mutations in the genes coding for factor V and factor II, 27 ± 29 may trigger DVT, therefore, in this group of patients further clinical investigations are mandatory. These patients may bene®t from completion of hypercoagulability screening including recently detected risk factors, and, in case of positive ®ndings, from continued anticoagulation.
Previous studies demonstrated a comorbidity of HO and DVT 18, 19 which also presented in two of our patients. We agree with these authors that the expanding ectopic mass of HO associated with in¯ammation will compress vascular structures and irritate endothelial cells. As shown for the hip, this will result in hypercoagulability (elevated d-dimer levels) followed 19 or not 20 by DVT. In accordance with these ®ndings, acute HO involving the hip appears to increase the risk for development of secondary ipsilateral DVT through local presence of generally accepted risk factors as compression, in¯ammation and immobilisation. Thus, the pathogenetic events leading to DVT after onset of HO are evident and secondary to the changes associated with acute HO. Seven patients showed, at a ®rst glance, the surprising ®nding of normal CRP levels when the diagnosis of HO was con®rmed by MRT or CT. However, four ®rst-rehabilitation patients were already treated for several days with anti-in¯ammatory drugs for clinically suspected HO, and the two re-rehabilitation patients showed radiologically inactive, late stages of HO.
Acknowledging that the pathogenesis of HO is still unknown, we identi®ed some clinical characteristics in the formation of HO, underscoring an independent pathogenetic mechanism: (i) HO and DVT have dierent time points of onset, (ii) DVT is an early complication appearing shortly after the primary event or during immobilisation after orthopaedic surgery, (iii) HO has a later onset when the patient is integrated in the process of the rehabilitation with intense physiotherapy, and (iv) the bene®t of LMWH in prevention of DVT was not observed in prevention of HO.
Thus, an exaggerated mechanical activity by the patient himself or by his family (our physiotherapists are aware of this danger and inform the patients about potential risks of forced mechanical activity) might trigger the development of HO, ie the combination of microtrauma and spasticity of the muscles could play an important role. 15, 17 An additional in¯ammatory component involved in the pathogenesis of HO 16 is supported by our laboratory parameters. It has been suggested that in¯ammation together with a high local concentration of Ca 2+ would favour transformation of undierentiated cells of the connective tissue into chondroblasts and osteoblasts leading ®nally to ossi®cation in the muscle. 15 In this process, bone morphogenetic protein (BMP) appears to be primordial based on experimental data. 21 Indeed elevated levels of osteoblast stimulating factors have been identi®ed in SCI with heterotopic ossi®cation 30 and osteoprogenitor cells have been shown to reside within skeletal muscle. 31 Our ®ndings support the concept of HO as a complex, primarily in¯ammatory process possibly triggered by mechanical (microtraumatic) events. To de®ne the pathogenetic mechanisms responsible for HO, molecular studies (ie gene expression studies) of involved tissues appear necessary. Deep vein thrombosis and heterotopic ossification C Riklin et al
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